We have previously demonstrated that dexamethasone (DEX) enhances the T 3 -dependent increase in type I 5 -deiodinase (5 DI) mRNA in primary cultured rat hepatocytes grown as spheroids. Here we report that DEX-enhanced T 3 -responsiveness also occurs in two other T 3 -regulated hepatic genes, Spot 14 and malic enzyme. This enhancement was inhibited by pretreatment with cycloheximide and the stability of 5 DI and Spot 14 mRNAs was not affected by DEX. We thus hypothesized that a factor(s) that augments T 3 -responsiveness is induced by DEX. Among the possible candidates examined, retinoid-X receptor alpha (RXR ), which is a main heterodimer partner with T 3 receptor, appeared to be involved. Whereas DEX increased the amount of RXR mRNA, it did not affect the expression of other possible factors such as steroid receptor coactivator-1 and the binding protein of cAMP response element-binding protein.
INTRODUCTION
One of the major roles of thyroid hormone is to maintain metabolic homeostasis and, in this respect, the liver is an important target organ of thyroid hormone action. Primary hepatocyte culture provides a useful tool with which to investigate thyroid hormone action at the molecular and cellular level. Using primary cultures of rat hepatocytes, we previously reported that 3,3 ,5 triiodothyronine (T 3 ), the active form of thyroid hormone, increases type I 5 -deiodinase (5 DI) messenger RNA (mRNA) in a concentration-dependent manner (Menjo et al. 1993) . The study also revealed that dexamethasone (DEX), a synthetic glucocorticoid, enhances the T 3 -dependent increase in 5 DI mRNA. This enhancement of T 3 action is mediated by a de novo protein synthesis induced by DEX, because it was abolished by pretreatment with cycloheximide (CHX), an inhibitor of protein synthesis. In this study, the enhancement of T 3 -dependent transcriptional activation by DEX was examined, not only on 5 DI, but also on other T 3 -responsive genes, Spot 14 (S14) and malic enzyme (ME), in order to demonstrate that the induction of a common factor by DEX contributes to the observed transcriptional enhancement.
Retinoid-x receptor (RXR) is a receptor for 9-cis retinoic acid (Levin et al. 1992) . In addition, it forms heterodimers with receptors of thyroid hormone, vitamin D and retinoic acid (RA), and with other receptors belonging to the nuclear receptor superfamily (Yu et al. 1991 , Kliewer et al. 1992 , Leid et al. 1992 , Zhang et al. 1992 , Glass 1994 . Heterodimerization with RXR stabilizes the binding of the receptors to their cognate response elements (Yu et al. 1991 , Kliewer et al. 1992 , Leid et al. 1992 , Wahlström et al. 1992 ) and promotes ligand-dependent transcriptional regulation (Yu et al. 1991 , Zhang et al. 1992 . Three isoforms of RXR -RXR , RXR , and RXR -have been identified (Leid et al. 1992) , RXR being the dominant isoform in liver (Berrodin et al. 1992) . These findings led us to hypothesize that RXR is a candidate protein that may be induced by DEX and thus enhance thyroid hormone action in cultured hepatocytes.
In accordance with this hypothesis, the present study has demonstrated that DEX increases both RXR mRNA and protein, but has no effect on the expression of other candidates for factors inducible by DEX, such as the steroid receptor coactivator (SRC)-1 (Onate et al. 1995) and cAMP response element-binding protein (CREB)-binding protein (CBP) (Kamei et al. 1996) . Furthermore, DEX enhanced the increase in retinoic acid receptor beta (RAR ) mRNA by RA in a CHX-sensitive manner. These results suggest that the DEXinduced increase in RXR expression is responsible for the augmented responsiveness to T 3 and RA in cultured hepatocytes. The finding that an increase in RXR by infection with a replication-defective adenovirus vector that expresses RXR also enhanced T 3 -dependent transcriptional activation lends further support to our hypothesis.
MATERIALS AND METHODS

Primary culture of rat hepatocytes and treatments with hormones and chemicals
Four-week-old male Wistar rats weighing approximately 180 g were purchased from a commercial breeder (Nippon Seibutsu Zairyo, Tokyo, Japan). Hepatocytes were isolated from rat liver by collagenase perfusion and were grown as spheroids by a method described previously (Lee et al. 1992 , Menjo et al. 1993 . The medium was serum-free and hormonally defined, as described by Enat et al. (1984) , with minor modifications (Menjo et al. 1993) . All rats were treated in accordance with the principles and procedures outlined by the Committee for Animal Experiment of Nagoya University School of Medicine and Research Institute of Environmental Medicine.
On the third day of culture, T 3 (Sigma Chemical Co., St Louis, MO, USA) and DEX (Banyu Pharmaceutical Co. Ltd, Tokyo, Japan), alone or together, were added in the concentrations indicated and cells were incubated for another 24 h. Likewise, 10 5 M RA (Sigma Chemical Co.) was added alone or together with DEX (10 8 M) on the third day of culture, followed by another 24-h incubation.
Actinomycin D was purchased from Serva Feinbiochemica (Heiderberg, Germany) and was added to hepatocyte cultures pretreated with 10 7 M T 3 and 10 8 M DEX for 24 h at the final concentration of 5 µg/ml. The cultures were then continued for a further 12-72 h in the presence or absence of 10 8 M DEX. CHX was purchased from Wako Pure Chemical Industries (Osaka, Japan) and added at a concentration of 2·5 10 5 M 48 h after plating of the hepatocyte cultures. Fifteen minutes later, T 3 (or RA) and DEX were added at concentrations of 10 7 M (10 5 M) and 10 8 M respectively, and the cells were incubated for another 24 h before total RNA extraction. Cultures not subjected to hormonal treatment served as control.
Determination of mRNAs for 5 DI, S14, ME, RXR , SRC-1, CBP and RAR Total RNA was extracted by the method of Chomczynski & Sacchi (1987) and its concentration was determined by absorbance at 260 nm. Procedures for Northern blot analysis were as we previously reported (Murata et al. 1990) . Probes used for hybridization were cDNAs for 5 DI (Berry et al. 1991) , S14 (Jump et al. 1984) , ME (Magnuson et al. 1986 ), RXR (prepared by PCR with the sense (5 -CCGACGGGGCGAGGCTCCATG-3 ) and antisense (5 -CGAGCTGGGGTTCAGCCC CAT-3 ) oligonucleotide primers), SRC-1 (Hayashi et al. 1997a) , CBP (Chrivia et al. 1993) and RAR (provided by Dr R M Evans). All were labelled with [ 32 P]dCTP (specific activity, 111 tera Bq/mmol; New England Nuclear, Boston, MA, USA) using a Random Primed DNA Labelling Kit (Boehringer Mannheim, Mannheim, Germany). Autoradiography was carried out by exposing the membranes (GeneScreen Plus, New England Nuclear) to Kodak X-AR film (Eastman Kodak, Rochester, NY, USA). The amount of specific mRNA transferred onto the membranes was determined from the radioactivity of the appropriate band using Fujix Bioimage Analyzer (BAS 2000, Fuji Photo Film Co., Tokyo, Japan) . Equal delivery of total RNA onto the electrophoresis agarose gel and the efficiency of the transfer to the membranes was monitored by the bands for 28S ribosomal RNA visualized under short-wave ultraviolet light and data were corrected by the density of the band for 28S.
Extraction of nuclear proteins
Procedures for the preparation of nuclear extracts followed the method of Shapiro et al. (1988) , with minor modifications. In brief, hepatocytes from two Primaria dishes (10 10 cm, Falcon Becton Dickinson Labware, Lincoln Park, NJ, USA) were harvested together with medium using a Pasteur pipette. The medium was removed and cells were washed twice with 10 ml phosphate-buffered saline (PBS), pH 7·0. Cell pellets were swollen in 2·5 ml hypotonic buffer (10 mM HEPES pH 7·9, 10 mM KCl, 0·75 mM spermidine, 0·15 mM spermine, 2 mM EDTA, 2 mM EGTA, 1 mM dithiothreitol (DTT), 1 mM phenylmethylsulfonyl fluoride (PMSF), 1 µM pepstatin A and 10 µg/ml leupeptin) for 10 min on ice. Swollen cells were spun and resuspended again in 1 ml hypotonic buffer. Cells were homogenized using a Dounce homogenizer, then 100 µl sucrose restorative buffer (67% sucrose, 50 mM HEPES pH 7·9, 0·75 mM spermidine, 0·15 mM spermine, 2 mM EDTA, 2 mM EGTA, 1 mM DTT, 1 mM PMSF, 1 µM pepstatin A and 10 µg/ml leupeptin) was added to the homogenate and mixed with a Dounce homogenizer. After centrifugation at 16 000 g for 30 s, the supernatant was removed and pellets were washed with 10 ml PBS. Pellets were resuspended in High buffer (20 mM HEPES, pH 7·9, 400 mM KCl, 2 mM EDTA, 20% glycerol, 1 mM DTT, 1 mM PMSF, 1 µM pepstatin, 10 µg/ml leupeptin) and the nuclear extract was obtained after the centrifugation at 9000 g for 5 min. All steps were performed at 4 C. Protein concentration was determined by a method of Bradford using a kit from Bio-Rad Laboratories (Hercules, CA, USA). Spermidine, spermin and DTT were purchased from Wako Chemical Industries, Ltd (Osaka, Japan), and pepstatin and leupeptin were from Boehringer Mannheim.
Western blot analysis
Nuclear extract containing 16 or 32 µg protein was separated by SDS-PAGE (8%), then electroblotted onto Imobilon P (Millipore, Bedford, MA, USA) using a Milliblot apparatus (Millipore) for 15 min at 4 mA/cm 2 current density. Membranes were dried thoroughly in a vacuum oven at 60 C for 30 min and incubated with a specific antibody against RXR (RXR (D-20)x, rabbit polyclonal IgG, Santa Cruz Biotechnology, CA, USA) diluted 1:100 000 in PBS (pH 7·2) containing 0·5% Tween-20 and 1% bovine serum albumin (BSA) at 25 C for 1 h. After several washes with PBS, membranes were incubated with 1:5000 diluted second antibody conjugated with horseradish peroxidase (anti-rabbit IgG-peroxidase, Daiichi Pure Chemicals, Tokyo, Japan) at 25 C for 30 min. Membranes were washed with PBS-1% Tween-20 for 30 min, then bands were visualized using an ECL reaction kit (Amersham Life Science, Amersham, Bucks, UK). Fluorography was carried out by exposing the membranes to Kodak X-AR film. The amount of RXR was determined by a densitometry of the band corresponding to RXR protein using Image Analyzer (Immunomedia Co., Shizuoka, Japan).
Electrophoretic gel mobility shift assay (EMSA)
The probe used in this assay was a palindromic sequence of T 3 -response element (TREpal), which has been described in a previous report (Nagaya et al. 1992) . Nuclear extracts (8 µg protein) were incubated with in vitro synthesized T 3 receptor (TR) using TNT-coupled Reticulocyte Lysate System (Promega, Madison, WI, USA) in 20 µl binding buffer (20 mM HEPES pH 7·8, 50 mM KCl, 1 mM EDTA, 10% glycerol, 1 mM DTT and 50 µg/ml poly dI-dC) at 25 C for 10 min.
32 Plabelled TREpal was added to this reaction and the mixture incubated for another 20 min. Then, the protein-DNA complexes were submitted to 4% non-denaturing PAGE as described previously (Nagaya et al. 1992) . Autoradiography was carried out by exposing the dried gel to Kodak X-AR film. DNA binding activities were estimated by analysing the radioactivity of the retarded band using Fujix Bioimage Analyzer.
Introduction of RXR into primary cultured rat hepatocytes using replication-defective adenovirus vector
Recombinant adenovirus carrying a human RXR cDNA driven by the cytomegalovirus (CMV) promoter was prepared as described before (Hayashi et al. 1997b) . The number of adenovirus particles was determined both by absorbance at 260 nm (10 12 particle=1 OD 260 nm ) and by the plaque-forming assay (100 particles=1 plaque forming unit, pfu).
Six hours after the plating of hepatocytes, the recombinant adenovirus (Adv-RXR ) was added at a titre of 2 multiplicity of infection (moi; 1 moi is equivalent to 1 pfu/cell). Forty-two hours after the infection, T 3 was added to the culture medium, followed by another 24 h incubation. Cells were harvested for total RNA extraction as described above.
Statistics
Statistical analysis was performed using Statview 4·02 software (Abacus, Berkeley, CA, USA). Comparisons were made using analysis of variance and Scheffe's F test. P values less than 0·05 were considered significant.
RESULTS
Effect of DEX at physiological concentration on the T 3 -dependent increase in mRNA of three T 3 -responsive genes in cultured hepatocytes DEX was added at concentrations ranging from 10 9 to 10 7 M, together with, or without, 10 7 M T 3 and changes in mRNA levels of 5 DI, S14 and ME were examined. As shown in Fig. 1 , T 3 increased 5 DI mRNA 2·3-fold in the absence of DEX. Simultaneous addition of DEX enhanced the T 3 -dependent increase in 5 DI mRNA, to approximately 7-, 21-and 17-fold of baseline at concentrations of 10 9 , 10 8 and 10 7 M respectively. Maximum enhancement was observed at 10 8 M, which is equivalent to the physiological concentration of glucocorticoids. Although the effect was not so striking as that for 5 DI mRNA, an augmented T 3 -dependent increase in ME mRNA was also evident. ME mRNA was decreased by DEX alone in a dose-dependent manner; however, together with T 3 , the decrease in ME mRNA by DEX was abolished and the ME mRNA level became significantly greater than that with T 3 alone. Expressed by fold induction by T 3 , the changes in ME mRNA level were 1·8, 2·9, 6·8 and 5·3 in the presence of 0, 10 9 , 10 8 and 10 7 M DEX respectively. The level of S14 mRNA was also increased significantly by the concomitant addition of T 3 and DEX compared with that with T 3 alone, and was greatest when 10 8 M DEX was added together with 10 7 M T 3 . Because S14 mRNA was increased by DEX alone in a dose-dependent manner, the fold induction by T 3 was 3·0, 7·4, 4·4 and 3·0 in the presence of 0, 10 9 , 10 8 and 10 7 M DEX respectively. These results indicate that enhancement of T 3 action by DEX is common for three T 3 -responsive genes at physiological concentrations of DEX in primary cultured rat hepatocytes.  1. DEX augments T 3 -dependent increase in mRNAs of three T 3 -responsive genes. Forty-eight hours after the plating of the hepatocytes, DEX was added to the culture medium at the concentrations indicated, together with () or without () 10 7 M T 3 . Total RNA was extracted 24 h after the hormonal treatments and aliquots of 15 µg RNA were subjected to Northern blot analysis. Radioactivities in the bands representing 5 DI, ME and S14 were measured by Fujix Bio-Image Analyzer and were corrected by the density of 28S ribosomal RNA. Values are expressed in arbitrary units (A.U.). Error bars indicate .. Numbers bridging pairs of bars indicate fold induction by T 3 .
Effect of DEX on the T 3 -dependent transcriptional activity, mediated by de novo synthesis of protein By using actinomycin D, we examined whether the DEX-augmented increase in mRNAs for T 3 -responsive genes is due to the increased stability of these mRNAs. The half-lives were approximately 41 h for 5 DI mRNA and 43 h for S14 mRNA and these half-lives were the same in the presence of 10 8 M DEX. It is thus indicated that DEX augments the T 3 -dependent increase in these mRNAs by enhancing the transcription of hepatic T 3 -responsive genes, rather than by increasing the stability of the mRNAs. This enhancement of T 3 -dependent transcriptional activation by DEX requires de novo synthesis of protein, because enhancement of the T 3 -dependent increase in ME and S14 mRNAs by DEX was inhibited by pretreatment with CHX (data not shown). In a previous study (Menjo et al. 1993) , we obtained a similar result for 5 DI mRNA. These results, together with those obtained using actinomycin D, indicate that DEX induces some factor(s) that enhance T 3 -dependent transcriptional activation in the cultured hepatocytes.
Effect of DEX on RXR , SRC-1 and CBP mRNA in cultured hepatocytes
We next examined the effect of DEX on the expression of mRNAs for RXR , SRC-1 (Onate et al. 1995) and CBP (Kamei et al. 1996) , which we considered to be candidates to enhance T 3 -dependent transcriptional activation. As shown in Fig. 2 , the addition of 10 8 M DEX increased RXR mRNA, but it did not affect the expression of SRC-1 or CBP mRNAs. Figure 3 (A and B) shows the change in RXR mRNA produced by the treatment of cultured hepatocytes with various concentrations of DEX for 24 h. DEX increased RXR mRNA in a dosedependent manner. The fold increases were 1·5, 2·8, and 2·9 with concentrations of 10 9 , 10 8 and 10 7 M DEX respectively. The increase became significant with 10 8 M DEX and was not affected by pretreatment with CHX (Fig. 3C) . As DEX did not affect the degradation of RXR mRNA (Fig. 3D) , these results indicate that the increase in RXR mRNA by DEX is through enhanced transcription.
Effect of DEX on RXR mRNA transcription
Effect of DEX on RXR protein
In addition to the DEX-induced change in RXR mRNA, we evaluated the change at the protein level, using Western blotting and EMSA. When analysed by Western blotting, the RXR protein was present as a 54-kDa band, identical to that synthesized in vitro (Fig. 4A) . A densitometric analysis of the corresponding bands revealed that the RXR protein level was increased significantly by the addition of 10 8 M DEX (Fig. 4B ). We next estimated the amount of RXR protein by EMSA. Because the band representing RXR/TR  2. DEX increases RXR , but not SRC-1 or CBP, mRNAs. Hepatocytes were treated with 10 8 M DEX for 24 h and harvested for RNA extraction. Aliquots of 15 µg total RNA from triplicate dishes either treated (+) or untreated ( ) with DEX were subjected to Northern blot analysis. Membranes were hybridized sequentially with labelled RXR , SRC-1 and CBP cDNAs and exposed to X-ray film for 14, 28 and 35 days respectively. heterodimer on TREpal was not detected without the addition of in vitro synthesized TR (data not shown), all the samples of nuclear extract were preincubated with in vitro synthesized TR . As shown in Fig. 4C , a band of the same mobility as that of RXR /TR heterodimer was present in the lane containing samples from hepatocyte cultures treated with different doses of DEX (Fig. 4D) . This band was supershifted by the anti-RXR antibody (data not shown), indicating that the band represented RXR /TR heterodimer. The intensity of bands for the RXR /TR complex on TREpal increased in the hepatocytes cultured with DEX. A significant increase was observed at 10 8 M DEX. From these results, it is evident that DEX in a concentration of 10 8 M increases the RXR protein. This is the concentration of DEX at which maximal enhancement of T 3 -dependent transcription was observed.
CHX-sensitive effect of DEX on RA-responsiveness of cultured hepatocytes
If the DEX-enhanced T 3 -responsiveness is mediated by RXR , it may also enhance RAresponsiveness of the cultured hepatocyte, because RXR also forms heterodimers with RAR and promotes RA-dependent transcriptional activation. We therefore examined whether DEX enhances RA-responsiveness by determining the change in the amount in mRNA for RAR , which is known to be an RA-responsive genes (de Thé et al. 1989 (de Thé et al. , 1990 . As shown in Fig. 5 , RA increased RAR mRNA in a concentration of 10 5 M. In the presence of 10 8 M DEX, a further increase in RAR mRNA was observed. This increase was almost completely inhibited by pretreatment with CHX whereas the increase produced by RA treatment alone was not affected. These results indicate that DEX also enhances RA-dependent 
Effect of RXR on T 3 -dependent transcriptional activation
In order to evaluate whether an increase in RXR in cultured hepatocytes results in the enhancement of T 3 -dependent transcriptional activation, the cells were infected with RXR expressing recombinant replication-defective adenovirus (Adv-RXR ). We have previously shown that introduction of Adv-RXR increases RXR protein in a dose-dependent manner (Hayashi et al. 1997b) . T 3 -dependent transcriptional activation was estimated by changes in the expression of an endogenous T 3 -responsive gene, 5 DI. As shown in Fig. 6 , the amount of 5 DI mRNA in the presence of T 3 was increased significantly by the infection with Adv-RXR . It is thus evident that the increase in RXR introduced exogenously also augments T 3 -dependent transcriptional activity of the endogenous T 3 -responsive gene.
DISCUSSION
In the present study, we first demonstrated that the enhancement of T 3 action by glucocorticoids in cultured hepatocytes is not limited to the expression  4. DEX increases RXR protein in cultured hepatocytes. Hepatocytes were treated for 24 h with DEX 48 h after plating. Cells were harvested for the extraction of nuclear extracts as described in Materials and Methods. Fortymicrogram aliquots of the nuclear protein were subjected to Western blot analysis, and for EMSA, 8-µg aliquots of the nuclear extract were used. of 5 DI, but is common to other T 3 -responsive genes. For this purpose, we examined the effect on ME and S14, because these two genes are known to be up-regulated directly by T 3 and their respective TREs have already been identified (Petty et al. 1990 , Zilz et al. 1990 . DEX alone suppressed the expression of ME mRNA in a dose-dependent manner; however, in the presence of T 3 , DEX significantly increased the ME mRNA level. Accordingly, the level of induction of this mRNA by T 3 was much greater in the presence of DEX. This result agrees with previous findings by Molero et al. (1993) in fetal rat hepatocyte primary cultures, showing that DEX alone suppressed the ME mRNA level, but potentiated the T 3 -induced increase in the mRNA. As observed with 5 DI and ME mRNA, addition of DEX resulted in a further enhancement of the T 3 -mediated increase in S14 mRNA. Therefore, a DEX-induced increase in the T 3 -responsiveness was demonstrated with all three T 3 -responsive genes in the cultured hepatocytes.
Although a typical glucocorticoid response element (GRE) has not been identified in these genes, the DEX-induced increase in T 3 -responsiveness might be mediated by cryptic GREs that may exist in the regulatory regions of these T 3 -responsive genes. Indeed, Leers et al. (1994) demonstrated that a cryptic GRE has an important role in the synergism between thyroid hormone and glucocorticoid on artificial constructs of T 3 -responsive genes. However, the results of our study demonstrated that de novo protein synthesis is required for the augmented T 3 -responsiveness by DEX, which suggested that DEX induced some factor(s) that enhances T 3 -dependent transcriptional activation in hepatocytes, rather than acting via cryptic GREs.
Several factors have been shown to be involved in T 3 -dependent transcriptional activation (Mangelsdorf et al. 1993 , Horwitz et al. 1996 . These were considered as the candidates for the mediation of DEX-induced enhancement of T 3 -dependent transcriptional activation. In the present study, we demonstrated that DEX increases RXR mRNA in a dose-dependent manner in cultured hepatocytes. Stimulation of RXR mRNA expression by DEX was accompanied by an increase in RXR protein, as demonstrated by EMSA and Western blotting. With both methods, a significant increase was observed at the physiological concentration of 10 8 M. In contrast to the effect of DEX on T 3 -responsive genes, its effect on the transcription of the RXR gene seems to be direct, because the effect was CHX insensitive. This direct action of  5. DEX enhances RA-dependent increase in RAR mRNA in a CHX-sensitive manner. In the CHX(+) group ( ), 2·5 10 5 M CHX was added to the hepatocyte cultures and, after 15 min, the cells were exposed to 10 5 M RA alone or together with 10 8 M DEX for 24 h in the presence of CHX. In the CHX( ) group ( ), the cells were exposed to RA and DEX as in the CHX(+) group, but did not undergo CHX treatment. Total RNA was extracted and the 15-µg aliquots were subjected to Northern blot analysis. Mean .. radioactivity of the band for RXR mRNA of triplicate dishes is shown. a: P<0·005 compared with the cultures treated with RA alone; b: no significant difference compared with cultures with RA alone.
 6. Infection of hepatocytes with RXRexpressing adenovirus results in the augmentation of the T 3 -dependent increase in 5 DI mRNA. Hepatocytes were inoculated with RXR -expressing adenovirus (Adv-RXR ) at 2 moi 6 h after plating. Forty-two hours after the inoculation, hepatocytes were exposed to 10 7 M T 3 for another 24 h. Levels of 5 DI mRNA are shown as means .. of triplicate dishes in arbitrary units (A.U.). ***P<0·005. DEX on RXR expression was also shown in three different rat hepatoma cell lines by Wan et al. (1994) . In contrast, DEX did not affect the expression of SRC-1 or CBP in the cultured hepatocytes. Recently, a number of coactivators and corepressors have been identified (Horwitz et al. 1996) , in addition to SRC-1 and CBP. Therefore, there remains the possibility that some other cofactor(s), in addition to RXR , is involved in the enhancement of T 3 -dependent transcriptional activation by DEX.
RXR (Mangelsdorf et al. 1990 ) is a nuclear transcription factor that forms heterodimer with TR, vitamin D receptor and RAR, and promotes the binding of these receptors to cognate responsive elements (Yu et al. 1991 , Zhang et al. 1992 , Kliewer et al. 1992 , Leid et al. 1992 . In the present study, we demonstrated that DEX also enhances responsiveness to RA. As observed with T 3 -responsiveness, this enhancement requires de novo protein synthesis. This observation strengthens our hypothesis that DEX-induced increase of RXR in hepatocytes augments the responsiveness to hormones that act through receptors that heterodimerize with RXR. Unlike the observation presented in the current study, the augmentation of T 3 action by RXR has been found by others to be inconsistent. Leng et al. (1994) reported that the RXR-induced increase in T 3 -responsiveness varied according to the types of TRE. The effect is also variable among the cell lines used as host cells for transfection (Hsu et al. 1995) . These inconsistent results may be due to the transfection of an RXR-expressing plasmid, together with the artificial T 3 -responsive reporter genes. In these transfection studies, it is difficult to control the amount of RXR in the transfected cells. Moreover, the transfection can introduce the RXR-expressing plasmid to only a limited number of cells. Because of this disadvantage, it is difficult to examine the effect of introduction of exogenous RXR on the hormone-dependent expression of endogenous target genes. In contrast, the replication-defective adenovirus vector delivers genes uniformly and with high efficiency into cultured cells and mouse in vivo (Hayashi et al. 1994 (Hayashi et al. , 1996 . This method would provide a tool with which to investigate whether increase in RXR results in the augmentation of T 3 -dependent transcriptional activation of endogenous T 3 -responsive genes. Indeed, the present study with adenovirus vector clearly demonstrated that the increase in RXR resulted in the augmented T 3 -dependent increase in the expression of 5 DI mRNA.
Although we were able to demonstrate that exogenously introduced RXR enhances T 3 -responsiveness, the magnitude of this enhancement was greater when the hepatocytes were treated with DEX. This may indicate that other factors in addition to RXR are involved in the DEX-induced increase in T 3 -responsiveness. DEX may induce TR expression and enhance the responsiveness in the cultured hepatocytes. However, in EMSA, RXR /TR heterodimer was not detectable in nuclear extracts from hepatocytes treated with DEX unless in vitro translated TR was added (data not shown) indicating that a significant amount of TR could not be induced by DEX.
In conclusion, DEX enhances T 3 -dependent increase of all three tested hepatic T 3 -responsive genes, and increases RXR expression at both mRNA and protein levels. This increase in RXR explains, at least in part, the mechanism of DEX-induced increase in T 3 -responsiveness in cultured hepatocytes. As far as we know, this is the first report that the endogenous increase in RXRs results in the augmentation of T 3 -responsiveness.
